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ABSTRACT  (C) 


This  report  presents  a  discussion  of  the  possible  effects  of  chemical, 
biological  and  radiological  warfare  on  the  equipoent  cooiprlslng  the 
Vigilante  fire  control  system.  The  feasibility  of  testing  the  system 
ux!der  actual  CBR  conditions  is  discussed  and  some  precautions  vhlch  should 
be  taken  to  make  the  system  less  vulneTeble  to  CBR  attack  are  suggested. 

A  test  of  the  system  under  actual  CBR  conditions  at  thie  time  appears  to 
be  laqprrct:  cal,  considering  the  extreme  (?lf:^’iculty  of  decontamination  and 
the  probabi  llty  that  little  nev  information  vould  be  gained.  Hovever,  it 
is  reconamnded  that  the  situation  be  revieued  in  six  months  to  a  year. 
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1.  (C)  INTRODUCTION 


The  tends  of  modern  warfare  include  some  weapons  which  have  never  been 
used  and  sjme  which  have  been  used  only  to  a  limited  extent.  Some  of  the 
potentially  most  powerful  of  these  weapons  axe  the  CBR  (i.e.,  chemical, 
biological  eind  radiological  warfare)  agents.  Many  of  these  agents  are  new, 
but  some  are  as  old  as  man. 

!Ihe  use  of  chemicals  in  warfare  has  been  practiced  since  the  beginning 
of  warfare  Itself.  The  use  of  fire  and  smoke  was  an  early  form  of  chemlcsil 
warfare.  During  the  First  ilbrld  War  chemical  gases  were  used  for  the  first 
time  in  large  quantities  to  produce  casualties.  The  Second  World  War  found 
only  one  or  two  isolated  cases  of  chemical  casualty  agents  being  used;  they 
were  not  more  widely  used  chiefly  because  of  fear  of  reprisal  in  kind  against 
largely  unprotected  civilian  populations.  But  incendiary  bombs  were  frequently 
used  on  civilian  areas. 

Biologicel  warfare  has  never  been  practiced  formally  as  such,  although 
in  the  Middle  Ages  besiegers  of  cities  occasionally  dropped  plague-infested 
corpses  over  city  walls.  Militazy  biologists  have  now  isolated  many  disease 
germs  and  are  working  on  ways  to  disseminate  these  effectively. 

Radiological  warfare  agents  were  first  suggested  as  practical  after 
the  atomic  blasts  of  19^3*  They  have  never  been  used  in  combat  situations, 
and  their  manufacture  requires  facilities  now  being  used  for  the  production 
of  atomic  explosive  devices. 

Ihe  VIGILANTE  is  a  modem  antiaircraft  weapons  system.  It  is  x>osslble 
that  in  any  future  war  it  would  be  subjected  to  an  enemy  CBR  or  atoolc-devlce 
environment.  A  question  has  enrisen  as  to  what  effects  such  an  enylronment 
would  have  on  the  VIGILANTE  and  whether  it  would  still  be  operable  after  a 
CBR  attack. 

Preliminary  design  sx>eclfications  for  VIGILAm  state  that  ^naxiauBi 
practicable  protection  will  be  provided  the  equipment  .  .  .  from  CBR  and 
atomic  devices."  The  Information  contained  in  this  report  was  compiled 
and  will  be  discussed  to  illustrate  in  genersLl  the  CBR-  and  atomic-device- 
created  environment  to  which  the  VIGILANTS  system  might  be  exposed,  and  the 
effects  of  this  environment  on  the  equipment.  Conclusions  will  be  drawn  to 
isolate  the  most  critical  factors  of  CBR  and  atomic-device  attack.  Against 
these  factors,  certain  features  of  any  modem  antiaircraft  weapons  system 
might  be  analysed  with  fruitful  results. 

The  objective  of  this  report,  therefore,  is  to  determine  the  possible 
effects  of  a  CBR  atmosphere  on  the  VIGILAlflE  fire  control  system,  to  determine 
the  feasibility  of  testing  the  fire  control  system  under  actual  CBR  warfare 
conditions,  and  to  suggest  any  precautions  which  might  be  taken  to  make  the 
system  less  vulnerable  to  CBR  attacks. 
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Thtt  dlsouflslon  vlI2  be  coodxicted  on  four  Mijor  topLoes  ohealoel  earfAre 
end  its  effeotsi  biologjoel  imrfexe  end  its  effeetsi  rsdlologioel  serHere 
and  its  elfsotsi  and  atcnle  dsiloas  and  their  effeots.  The  last  tso  topics 
TfiU  be  considered  together  since  radiological  mrfare>  for  the  present^  is 
most  likely  to  be  the  prodnot  of  atomLo  derioes. 

Since  personnel  are  generally  far  ncre  vulnerable  to  GBR  attack  than 
aquipMit^  most  of  the  available  literature  deals  nith  the  effeots  of  CER  ear- 
fare  on  personnel.  However >  it  is  believed  that  enough  pertinent  Inforiflatlon 
has  been  reviewed  to  allcer  a  detexvLnaticn  of  efaat  the  effects  of  a  GBR  atUck 
on  the  yiCULAirns  mL^t  be>  and  to  enable  a  deoision  to  be  laade  on  the  feasi- 
bllilgr  of  tecting  the  system  under  actual  GBR  oooditloos. 


2.  (G)  IBSGRIFnON  OF  IRTRIXL 


VKULINTB  is  a  modem  antiaircraft  weapons  system.  It  consists  of  an 
analogue  computer »  radar  range  finder^  optical  tracker >  and  a  set  of  guns 
capable  of  firing  in  bursts  at  the  rate  of  about  3000  rounds  per  minute.  The 
system  is  to  be  operated  by  one  san.  The  operator's  compartment  will  be 
protected  with  an  IC-Al  oolleotive  protective  filter.  Either  of  two  models 
of  the  system  will  be  highly  mobile.  One  model  will  be  towed,  the  other  self- 
propelled«  For  a  more  comiOete  description  of  the  system  see  References  2 
and  3. 


3«  (G)  DISGBSSICEJ 


3«1  Chemioal  Ibrfare 

GhenLoal  warfare  consists  of  the  use  of  chemicals  for  strategio  and 
taoUoal  purposes  in  combat  situations.  The  chemioal  agents  used  nmy  be 
divided  Into  five  basic  groups  according  to  their  tactical  use  in  the  field. 
These  five  groins  are  as  follows  s 

a.  Gasualty  agents. 

b.  Screening  smokes, 
o.  Signaling  smokes. 

d.  Inoendlaxy  agents. 

e.  Training  and  riot-ocntrol  gases. 

These  agents  say  be  Introduced  In  either  solids  liquid^  or  gaseous  state 
depending  on  the  temperature  and  pressure  at  wfaioh  thsy  are  enjoyed.  They 
are  classed  as  persistent  or  nozqpersistentf  depending  on  the  length  of  time 
they  renain  in  an  area. 
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3«1«1  The  Cagualty  Agenta,  Connonly  knoim  aa  '^r  gases/  the  oasualty 
agents  prioari^  act  on  ^rsonnel.  There  are  four  oltssifioations:  nerve 
C^e8>  blister  agents  ^  choking  agents «  and  blood  potsons. 

The  nerve  gases >  "OHLgentSi"  are  more  lethal  in  loser  concentration 
thin  any  other  sar  gas.  Without  protectioni  a  nan  may  die  el  thin  15  seconds 
of  initial  attack*  is  the  standard  agent*  It  is  usually  introduced  as  a 

vmpor,  and  is  nonpersistent*  The  '*0"  type  gases  are  noncorroeive  and  would  be 
hamless  to  eqtiiFoent  during  the  time  they  are  in  contact. 

The  coBiDon  blister  agents  are  the  foUosing: 

a.  agents. 

b*  Levinstein  mustard. 

c.  dlsUUed  mustard. 

d*  **10}/  nitrogen  mustards. 

e.  ^HT/  toxic  agent  plus  mustard  (toxio  agent  nay  be  arseixLe 
ooopound)* 

f*  Lewisite  I  an  areenlo  oonpcund* 

iifpt  or  ''V**  agents  are  moet  likely  to  be  used*  They  are  diseeninated  in  liquid 
form  or  as  an  aerosol  spray*  Evaporation  will  keep  the  agents  in  the  area  for 
several  days*  All  the  other  blister  agents  are  either  unetable  at  ordinary 
tenperaturee  or  In  the  presence  of  watery  or  are  relatively  ineffective  against 
persoonel*  "H**  is  absorbed  by  rubber  and  will  penetrate  leather  and  textile 
fatrice  without  harmful  effects  to  these  materials*  There  are  apparently  no 
haxmful  effects  to  materials  from  any  of  the  coomon  blisier  agents* 

The  ohoking  agents  cause  the  f oimation  of  liquid  in  the  lunge  and 
lasplratoxy  tract>  and  produce  suffocation*  The  oonnon  choking  agents  are  ae 
foUcen: 

a.  "CG;"  pbosgezie,  a  vapor  at  ordinary  temperatures.  When  moieture 
is  present  it  forms  hydrochloric  acid. 

b.  "PS,"  cbloropicrln,  a  liquid  at  ordiaaxy  temperatures. 

c.  "CL,"  chlorine,  a  gas  at  ordinary  temperatures. 

"CG  "  is  a  standard  choking  agent.  It  would  be  corrosive  in  the 
presence  of  water  because  of  the  hydrochloric  acid  formed.  In  the  absence  of 
vaster  it  is  noncorrosive .  "PS"  will  tarnish  unprotected  steel.  "CL"  will 
coxTode  mstals  when  wet  but  is  harmless  when  dry.  Metals  not  protected  by 
painting  or  other  means  frosi  the  acid  might  be  harmed  as  the  result  of  a  con¬ 
centrated  "CO"  or  "CL"  attack. 
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Ttud  blood  polBons  are  cyanide  ccagpounda.  They  are: 

a.  "CK/*  cyanogen  chloride. 

b.  "AD,"  hydrocyanic  acid,  a  weak,  very  volatile  acid. 

"CK"  ie  corrosive  when  wet.  "AD"  is  too  volatile  to  be  used  in 
aljiost  any  situation.  The  blood  poisons  are  classed  as  substitute  standards 
for  the  nerve  gases,  usable  under  certain  conditions  because  of  their  heavier- 
than-air  characteristics. 


3 •1.2  Screening  Smokes.  These  sabkes  are  used  as  cover  during  strategic 
BGveaents.  They  are: 

a.  "VP,"  white  phosphorus.  Ibis  is  uMd  if  secondary  personnel 
casxialty  effects  and  Halted  inceydiary  effects  to  readily  com¬ 
bustible  material  (i.e.,  paper,  wood)  are  desired. 

b.  'TS, "  sulfur  trloxide-chloroaulfonic  acid  solution.  This  is 
corrosive  to  aost  metals  in  solution  and  as  smoke  and  will  have 
damaging  action  on  textiles,  including  nylon. 

c.  'TM, "  titanium  tetrachloride.  The  smoke  is  corrosive. 

"FS"  and  "m"  are  liquids  usually  spread  and  ignited  by  spray  planes. 


3*  1*3  Signaling  Stookes*  These  smokes  are  usually  made  of  harmlesj  screen¬ 
ing  smoke  with  colored  dyes  added. 


3.1.4  Incendiary  Agents.  These  agents  are  intended  to  start  fires,  destroy 
equipsmnt  or  cause  casualties  by  fire.  Thermite  is  used  for  the  destruction  of 
equipment  during  withdrawals.  It  is  hot  enough  to  fuse  a  gun  tu^«  and  breech¬ 
block  on  an  artillery  piece.  Fuel  thickeners  (napalm),  magnesium,  fire  boiri^s, 
fire  mines,  and  plane  drop  tanks  may  also  be  used  to  set  fire  to  combustible 
materials.  There  does  not  appear  to  be  any  practical  defense  against  such 
chemicals. 


3.1.3  Training  and  Riot-Control  Oases.  TSiese  gases  include  tear  gas  and 
vomiting  gases,  ^se  apparently  have  no  effect  on  materials  and  may  be  used 
simply  for  harrassment  of  enemy  troops. 


3.1.6  SuMmry  of  Chemical  Warfare.  Chemical  warfare  agents  are  intended 
for  use  primarily  against  personnel,  e.ccept  for  the  incendiaries.  Ideally,  all 
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chemical  varfare  a^psnts  should  be  con^letely  noncorrosive  so  that  they  nay  be 
stored  in  metal  containers  and  delivered  in  metal  boBbs  or  shells  vlthout 
deteriorating  the  containers  during  storage  or  delivery.  One  of  their  grea^st 
attributes  is  that  in  most  cases  the  agents  can  disable  enemy  personnel,  if 
standard  gas  preventive  measures  are  not  followed,  without  seriously  damaging 
the  enemy's  equipaient,  so  that  this  equipment  when  captured  may  be  turned 
against  the  enemy.  A  perfect  chemical- warfare  agent,  therefore,  would  be  com¬ 
pletely  harmless  to  equipment. 

Today's  chemical  warfare  agents,  however,  may  inflict  sene  hsumi  to 
the  equipment  under  attack.  Some  of  the  choking  agents  (phosgene  in  particu¬ 
lar)  are  corrosive  because  of  the  acids  they  form  in  the  presence  of  water. 

Some  of  the  blood  poisons  would  also  be  corrosive  because  of  the  acids 
fozmed.  These  latter  types  are  obsoleted  by  the  "G",  "V"  and  "H"  agents. 

It  is  hi£^ly  improbable  that  they  would  be  used.  Neither  nerve  gases  nor 
blister  agents  are  apparently  hannful  to  materials.  These  two  types  sure  moit 
likely  to  be  used  in  cooibat  situations  because  they  are  most  effective  and 
economical. 

Of  the  screening  saiokes,  "UP"  will  ignite  easily  flamnsble  materials. 
"FS"  and  "FM"  are  both  corrosive.  If  aerosol- type  air  filters  are  used, 
neither  "FS"  nor  "FM"  would  enter  the  Interior  of  the  equipment. 

The  Incendiary  agents  may  cause  severe  damage,  but  no  preventative 
appears  practical. 

Training  and  riot- control  gases  are  apparently  harmless  to 

materials. 


Decontamination  processes  which  will  enable  personnel  to  use  the 
equipment  after  contamLnatioo  cure,  in  most  cases,  harmless  to  equipment. 

Rain,  sunshine,  wind,  and  the  passage  of  time  are  the  best  decontaal nation 
agents.  GI  soap  and  water,  or  DANC  (decontaminating  agent,  noncorrosive), 
are  also  very  good.  A  slurry  of  chloride  of  lime  is  often  used.  This  would 
be  corrosive  in  the  presence  of  moisture  because  of  the  chlorine  released. 

It  should  not  be  left  in  contact  with  metals  any  longer  than  is  absolutely 
necessary.  Also,  controlled  heat  or  burning  will  oxidize  the  agents,  making 
them  haimless.  For  fire  control  equipment,  gasoline,  kerosene  end  oil  may  be 
used  to  dissolve  some  contaminates.  However,  a  thin  film  of  contaminate  will 
still  remain.  Decontaminating  with  DANC,  chloride  of  lime,  or  oil  is  very 
"messy"  and  except  in  extreme  emergencies  it  is  doubtful  if  these  decontaml- 
nsmts  would  be  used. 


3*2  Biological  Warfare 

Biological  warfare  is  defined  as  the  disseainatioii  of  biological 
agents  (l.e.,  disease -producing  microorganisms,  the  toxins  or  poisons 
released  by  microorganisms,  and  the  chemical  anticrop  CQBQ>ounds.  Its 
purpose  is  to  incapacitate  the  eneay  by  weakening  him  through  disease,  or  to 
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strike  at  the  source  of  his  food  supply  by  spreading  disease  among  his  llva- 
stock  population  or  causing  failiure  of  his  cereal  or  other  food  crops «  Biologi¬ 
cal  warfare  Is  chiefly  a  strategic  rather  than  a  tactical  weapon  because  of  the 
slow  speed  with  which  It  affects  the  enemy  due  to  Its  dependence  in  most  cases 
on  the  propagation  of  living  organisms*  It  may  be  used  as  a  powerful  psycho¬ 
logical  weapon  against  the  enemy's  home  cities. 

Sunlight  kills  the  majority  of  living  biological  agents^  making  their 
dissemination  a  difficult  task^  Ihe  viruses^  rlckettslae^  bacteria  and  protozoa 
grow  only  on  living  substances  and  so  would  be  harmless  to  equipment.  ?ungl 
will  live  on  materials  derived  from  other  plants  or  animals.  Ilhe  fungi  that 
might  be  used  against  personnel  are  apparently  harmless  to  equipment.  There 
are  somci  molds  and  mildews  which  will  grow  on  equipment^  given  the  proper 
conditions  of  heat  and  humidity.  These  cure  ordinarily  found  in  tropical  cli¬ 
mates^  and  MIL  specifications  already  cover  the  protection  of  equipment  from 
them.  The  toxins  released  by  microorganism,  such  as  those  causing  botulism 
and  anthrax,  are  appcurently  harmless  to  materiel. 

The  chemical  anticrop  congpounds  include  the  contact  herbicides  or 
weed-killers,  the  plant-growth  regulators,  and  the  defoliants.  The  contact 
herbicides  would  probably  not  be  used  because  the  plant-growth  regulators  are 
more  potent.  The  regulators  Include  2,  4-D  and  IPC.  2,  4-D  is  an  organic 
acid,  but  would  be  Introduced  in  Its  solid  salt  or  solid  ester  form.  Neither 
of  these  is  very  soluble,  and  consequently  they  would  be  harmless  to  materiel. 
The  other  plant-growth  regulators  cdso  appear  to  be  harmless  to  materiel.  The 
cont^ict' herbicides  Include  one  or  two  solid  organic  acids  which  would  be  harm¬ 
less  to  materials  because  of  their  low  concentrations  and  poor  solubility. 

The  defoliants  would  be  more  likely  to  come  into  contact  with  fighting  equlp- 
men':  than  would  the  weed-killers  because  they  may  be  used  to  remove  natured 
covetr  from  front-line  eureas,  making  camoflage  difficult,  whereas  the  weed 
killers  would  be  used  on  the  recur  areas  against  the  food  crops.  The  defoliants 
Include  amnonlum  thiocyanate  and  zinc  chloride,  which  are  harmless  to  corrosion- 
proofed  materials. 

The  biological  warfare  agents  will  not  corrode  metals  or  short-circuit 
electrical  apparatus*  They  are  therefore  completely  harmless  to  the  type  of 
equipment  under  study. 

3 *3  Radiological  Warfeure 

Radiological  warfare  is  the  use  in  wur  of  materials  or  methods  which 
result  in  the  release  of  radioactivity  agcdnst  the  enemy.  This  type  of  warfare 
is  not  limited  to  an  atomic  burst,  although  an  atonic  burst  is  the  most  conmon 
means  for  generating  and  dissemixmiting  radiological  agents. 

3.3*1  !Ofpes  of  Radiation.  Thezre  are  four  types  of  nuclear  radiation: 
aTnha  parti^es,  beta  particles,  gcmoa  rays,  and  neutrons.  Alpa  particles 
present  nio  hazard  to  materials  because  of  their  very  poor  penetration  character¬ 
istics.  Beta  particles  have  better  penetration  power  but.  are  stopped  by  such 
thin  material  as  ordinary  cotton  fiber  clothing,  €U3d  so  are  also  harmless  to 
materiale.  Gasma  rays  are  high-energy  electromagnetic  waves  of  extremely  high 


CONFIDENTIAL 


CONFIDENTIAL 

frequency,  which  are  able  to  penetrate  large  thicknesses  of  material.  (One 
and  one-half  inches  of  steel  reduces  the  Intensity  by  only  505^*)  These  gamma 
rays  are  much  more  harmful  to  personnel  than  alpha  or  beta  peu*ticles  because 
of  their  greater  penetration  ability.  Neutrons  are  particlej  from  atomic 
nuclei  which  cem  penetrate  even  more  material  than  gamma  rays  and  are  more 
damaging  than  gcuana  rays.  Neutron  radiation,  which  occurs  within  the  first 
fraction  of  a  second  of  a  nuclear  explosion,  is  harmful  because  of  the  ability 
of  neutrons  to  make  materieds  surrounding  ground  zero  radiioactive. 


3.3.2  Damage  to  Equipment.  Large  doses  of  nuclear  radiation  will  affect 
nearly  all  materials.  Light-  and  heat-  sensitive  photo^.raphic  materials  eind 
certain  electronic  components  and  plastics,  are  highly  subject  to  damage. 
Electronic  equipment  using  transistors  also  may  be  seriously  damaged  by  neutron 
radiation.  The  only  means  of  producing  a  neutron  flu7  of  damaging  meignltude 
on  a  battlefield  is  with  a  nuclear  blast.  However,  ajy  electronic  equipment 
exi>osed  to  a  damaging  flux  of  neutrons  from  a  nucleeu  explosion  is  likely  to 
be  more  seriously  damaged,  or  entirely  destroyed,  by  the  effects  of  heat  and 
blast.  Massive  quantities  of  gasna  radiation  are  required  to  produce  any 
damage  to  materials,  except  for  certain  plastics  (e.g.,  teflon  and  bfUcelite), 
which  are  affected  by  10^  to  10^  roentgens  of  gamma  radiation.  Damage  by  other 
phenomena  of  ein  atomic  explosion  is  nearly  always  more  significant  than  damage 
by  radiation. 


3.3*3  Damage  to  Electronic  Conponents.  In  one  test  of  electronic  com¬ 
ponents  under  an  actual  atom-bomb  blast  ( see  reference  I3,  dated  August  1957); 
three  groups  of  components  were  subjected  to  up  to  92; OCX)  roentgen  (r)  of 
ganrra  radiation.  This  gimma  radiation  should  be  compared  with  the  5OOO  r 
necessary  to  incapacitate  a  man  liiimediately,  and  the  smaller  amount  {k^O  r) 
considered  to  be  the  median  lethal  dose  (although  at  this  level  death  is 
slower ) . 


Various  types  of  electron  tubes  were  investigated  for  decreased 
envelope  resistance  due  to  radiation  effects  on  glass,  and  cathode  poisoning 
from  radiation.  Crystal  units  were  investigated  for  radiation  effects  on 
resonant  frequency,  "Q"  and  impedance  characteristics.  ISie  components  were 
partially  shielded  ffom  mecheuiical  and  thezml  effects  by  l/l6-inch  aluminum 
containers.  The  crystals  were  in  holders  and  the  electron  tubes  were  in 
cosmercisd  packing  oBterial.  The  resonant  frequency  and  resistance  of  the 
crystCLls  and  the  treuis conductance,  emissivlty,  envelope  resistance  euid  break¬ 
down  voltages  of  the  electron  tuber,  were  measured  before  and  after  the  test. 

There  were  no  appreciable  effects  on  the  electron  tubes  due  to 
exposure.  Two  months  after  the  exposure,  the  electron  tubes  were  examined 
In  the  laboratory.  Ganana  activity  was  two  to  three  times  as  great  as  the 
normal  background  level.  But  there  is  no  health  hazard  associated  with  this 
low  level  of  Induced  activity,  nor  is  there  any  interference  with  the  normal 
functioning  of  the  electron  tubes. 
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Most  of  the  damage  to  the  quart^i  crystals  was  laechanlcal  and  could  he 
blamed  on  the  blast.  Ibere  vas  a  very  small  change  in  frequency  due  to 
radiation- Induced  changes  In  the  elastic  constants  of  quarts.  Qie  amount  of 
chemge  dei>ended  on  the  cut  of  the  crystal.  The  test  condltlona  of  overpre88\ure, 
heat  and  nuclear  radiation  were  felt  to  be  approximately  the  maximum  at  vhlch 
suivival  of  the  test  components  could  be  expected  In  use  or  storage. 

3.3Ji  Past  Contamination.  When  an  area  Is  contamlniited  by  radioactive 
dust  or  other  radioactive  material,  most  of  the  dust  or  material  lies  on  the 
outer  surfaces  of  equipment.  Without  good  duet  filters,  the  cooling  blowers 
would  suck  some  of  the  dust  Into  the  interior  of  the  consoles.  Filters  would 
prevent  the  larger  particles  frem  entering,  and  would  cut  down  considerably 
on  the  radioactivity  available  for  dasAge  to  components.  Although  radioactive 
dust  may  take  days  to  present  a  hazard  to  equipment,  the  level  of  radioactivity 
It  produces  would  seriously  Impsilr  the  operator's  capabilities  within  hours 
unless  shielding  and  a  p\ire  air  s\;^ly  were  provided.  Operator  shielding  Is 
not  feasible  because  of  weight  limitations.  Air  for  the  operator  will  be  siq>plled 
by  an  >£iAl  collective  protective  filter,  and  should  be  pure  and  harmless. 

There  are  serious  problems  in  manufacturing  and  storing  radioactives 
which  an  eneo^  must  overcome  before  it  becomes  practical  to  contaminate  an 
area  with  radioactive  dust  without  an  atomic  burst. 

3.3.5  Effects  of  Explosion.  Ohere  are  three  primary  effects  of  an  atonic 
or  thermonuclear  explosion.  Blast  from  an  atomic  explosion  differs  from  a 
regular  high-explosive  blast  only  in  the  magnitude  of  the  force  and  the  extent 
of  coverage.  Heat  from  an  atomic  explosion,  like  blast,  differs  only  in  the 
magnitude  of  the  heat  proi)agatlon.  The  radiation  from  a  nuclear  explosion 
C6U1  be  divided  into  two  categories:  pronpt  radiation  Is  produced  by  the  ex¬ 
plosion  within  the  first  90  seconds;  residual  radiation  is  produced  by  the 
interaction  of  radioactive  materials  with  normal  constituents  of  soil,  water, 
etc.  IMs  second  category  may  also  result  from  direct  application  of  radio¬ 
active  saterials. 

In  an  atomic  buret,  intense  ladloactlvlty  is  present  for  the  first 
few  seconds.  This  radiation,  outside  of  the  fireball,  is  chiefly  gaana  rays. 
Neutrons  are  also  released  at  this  time.  After  the  Initial  burst,  gamna 
activity  In  materials  near  ground  zero,  caused  by  the  interaction  of  Initial 
neutrons  with  these  materials,  creates  a  problem  similar  to  that  created  by 
radioactive  dusting.  Neutrons  have  high  x>enetration  characteristics  and  may 
Induce  ganraa  activity  within  the  system,  but  this  activity  will  be  slight  com¬ 
pared  with  that  produced  by  the  initial  burst  and  with  the  amount  vhlch  would 
cause  serious  damage  to  equipment. 

3.3.6  Sunmary  of  Radiation  Effects.  Fran  this  discussion  it  should  be 
clear  that  radiological  warfare  presents  little  danger  to  equipment,  and  that 
its  effect  is  chiefly  on  operating  personnel.  A  nuclear  blast  (for  the 
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purpoBe  of  e8t.1.iDatlng  its  effects  on  equipment)  may  te  considered  as  a 
tremendously  powerful  high-explosive  blast.  Any  effect  that  the  released 
reuilatlon  might  have  on  equipment  Is  insignificant  at  ranges  from  the  blast 
point  where  blast  and  heat  effects  do  not  cause  considerable  damage  or 
complete  destruction. 

3.4  Summary  of  Discussion  on  CBR  Wcurfare 

To  suimELrize,  some  of  the  older  casualty  agents  (e.g.,  "CG^"  "CL," 

"CK, "  "AD,")  are  corrosive  or  break  down  into  corrosive  con5>onent8.  However, 
these  casualty  agents  have  been  largely  outmoded  by  the  "G"  agents,  "V"  agents 
and  "H"  agents,  which  cure  apparently  harmless  to  materials.  Setae  of  the 
smokes  are  highly  corrosive.  IQie  incendiary  agents  definitely  present  a 
danger,  but  thJs  danger  must  be  classed  as  unavoidable.  Just  as  high-explosive 
blast  is.  The  training  and  riot-control  gases  sxe  harmless  to  material. 

In  biological  warfare,  none  of  the  living  microorganisms  are  harmful 
to  mteriel  except  for  certain  fungi  (mildew),  against  which  the  equlponent  Is 
already  protected  according  to  MIL  specifications.  Some  of  the  anticrop 
conpounds  are  acids  or  salts  In  solid  form.  These  are  not  partlcxdarly 
soluble  end  would  present  little  hazard  to  materials. 

Radiological  warfare  and  atonic-device  damage  effects  are  negli¬ 
gible  except  to  the  most  susceptible  plastics.  Blast  or  heat  (to  be  coimted 
as  inevitable  In  warfare)  wo\ild  cause  significantly  greater  dai^e.  There 
are  at  present  only  limited  testing  facilities  capable  of  yielding  the  high 
neutron  dose  rates  which  are  necessary  to  cause  possible  equipment  damage, 
the  Godlva  II  reactor  at  Los  Alamos  being  the  only  one  approaching  this 
capability.  IMs  reactor  could  not  possibly  test  an  entire  system. 

Since  one  of  the  deciding  elements  In  a  CBR  attack  Is  surprise, 
new  CBR  agents  may  be  Introduced  from  time  to  tine  in  an  atteopt  to  catch 
the  opposition  forces  off  balance.  The  effects  of  these  agents  cannot  be 
predetermined,  although  it  would  seem  that  any  new  agents  would  be  likely 
to  be  closer  to  the  perfect  CBR  weapon;  l.e.,  one  which  would  disable 
p^rsonnel  without  harming  equlptoent. 

In  order  to  prevent  any  adverse  effects  from  exposure  to  an  Im¬ 
perfect  CBR  atmosphere,  equipment  should  be  protected.  Since  the  equipment 
will  be  in  a  CBR  atmosphere  for  only  relatively  short  periods  of  time, 
pedntlng  and  anodizing  would  slow  down  corrosion  until  the  metals  could  be 
freed  of  the  damaging  agents,  after  which  new  paint  or  anodizing  could  be 
applied.  Aerosol  filters  on  the  Intakes  would  prevent  any  harmful  liquids, 
jprays,  or  dusts  from  entering  the  Interior  of  the  system,  thus  protecting 
the  Inside  chassis.  In  an  atomic  Llast  it  would  be  expected  that  the  paint 
and  other  heat- sensitive  materials  on  the  outer  surfaces  vouJ^  be  charred 
or  otherwise  damaged  (  the  extent  depending  on  the  range  from  the  blast), 
but  no  heat  damage  would  be  evident  In  the  Interior.  Blast  would  not 
seriously  affect  the  operation  of  the  system  until  It  was  strong  enough  to 
overturn  this  item.  Just  as  Is  the  case  In  ordinary  high-explosive  blasts. 
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It  appears  that  a  test  plan  for  CBR  effects  need  not  be  written  for 
the  following  reasons:  If  tests  were  mde  of  the  eqxiipment  under  CBR 
atiQospheres^  difficulties  night  be  encountered  in  recovering  the  equipment 
for  further  tests  vithlr;  a  reasonable  length  of  time.  The  blister  agents 
and  nerve  gases  can  be  neutralized^  but  the  process  is  unsatisfactory  for 
delicate  parts ^  involving  a  slurry  of  chloride  of  lime  which  is  about  as 
hard  to  remove  af  is  the  original  agents  although  it  is  not  as  dangerous  to 
personnel.  Ihder  cherdcal  attack  by  the  nevei  chemical  agents  (which  are  the 
agents  nost  likely  to  be  used)^  no  corrosion  effects  or  other  harmful  effects 
would  be  noted  on  the  system.  Neither  biological- war  fare  attacks  nor  zadio- 
logical  attacks  would  have  any  effect  on  the  system.  Atonic  attack  would 
cause  damage  to  the  equipment  mainly  through  the  effects  of  blast. 

4.  (C)  CONCLUSIONS 

From  the  above  dlsc'isslon  the  following  may  be  concliided: 

a.  Casualty  agents ^  biological  agents  sind  radiological  agents  sure 
relatively  harmless  to  fire  control  system  materials,  as  compared 
with  their  effects  on  personnel. 

b.  Screening  smokes,  incendiary  agents  and  atomic-device  effects 
would  be  equally  harmful  to  both  fire  control  materiel  and 
personnel. 

c.  Actual  testing  of  the  VIGILARTE  fire  control  system  in  CBR 
atmospheres  appecurs  at  this  time  to  be  ixopracticsQ.,  considering  the 
ext^'eme  difficulties  of  decontamination  and  the  probability  that 
little  new  information  would  be  gained. 

d.  'Ihe  use  of  certain  plastics  (in  i)articular  teflon  and  bakellte) 
should  be  avoided  in  any  equipment  that  might  be  subjected  to  a 
CBR  atmosphere. 


e.  If  practical,  aerosol  filters  should  be  used  to  keep  screening 
smokes  and  radioactive  dust  from  entering  the  equipment. 

f.  MU  specifications  on  sand  cmd  dust  protection,  fungus  (mildew) 
resistance,  and  sedt-spray  corrosion  resistance  should  be 
strictly  adhered  to. 


g.  Possible  improvement  of  CBR  warfsure 
for  a  future  re -evaluation  of 


Cfidl 


5.  Rhi'OMMEIlDATIONS 


It  is  recornnended  that: 


a.  If  it  is  possible,  aerosol  filters  be  placed  in  sill  the 
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air  inlets  of  the  VIGIIAUTE. 

b.  Manufacturers  strictly  adhere  to  MIL  specifications  concerning 
preventatives  against  corrosion  and  fungus  damage. 

c.  Ilhe  use  of  certain  plastics  (e.g.^  teflon  and  bakelite),  be 
avoided  if  possible  vben  a  high  radioactivity  resistance  for  the 
system  is  desired. 

d.  dhe  practicability  of  testing  the  VIGHANTE  fire  control  system  for 
CBR  warfare  effects  be  reviewed  after  a  period  of  six  months  to  a 
year. 

SUBMITTFD; 

FLOYD  R.  CLARK 
Pf  c .,  Qrd  Corps 
Project  Engineer 
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WILLIAM  M.  ROBERTS 
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SAUL  TARAGIN 
Chief,  Electronic  Control  and 
Guidance  Divit^lon 
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Assistant  Deputy  Director 
for  Engineering  Testing 
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13 

CONFIDENTIAL 


REFERSNCES  (U) 


!•  Teat  Directive  ~  Letter  OCO  OWfJM  00/8c  6644  16  May  1958#  Preparation 
of  Coordinated  Plan  for  VIGIIAKTE  Systems. 

Ptmliminary  Deeign  Specif  j cations  for  VIQIIAWTB  Antiaircraft  System, 

Sperry  Utah  Engineering  laboratory,  Salt  lake  City,  Utah. 

3*  Minutes  of  VIQIIANTB  Coordinating  CoBnittee  Meetings,  1  through  18, 

preparedTy  Hq,  Ordnance  Weapons  Coomand,  RU)  Division,  Rock  Island,  Ill. 

4.  Arnold.  Results  of  the  Exposure  of  Medium  Tanks  to  an  Atomic  Boiib. 

Ballistic  Research  laboratories,  AFO,  Md.  Memorandum  Report  No.  5^6, 

Project  No.  TBS- 1241,  January  1932  (Confidential). 

3*  Bopp,  Sisman.  Radiation  Stability  of  Plastics  and  Elastomers. 

Oak  Ridge  National  laboratories,  23  July  1^33* 

6.  Bryant,  Vise,  Wise.  Vulnerability  of  Tanks  to  Conventional  and  Nuclear 
Weapons  (A  Coiqpllation),  Beilllstics  Research  laboratories,  APG,  Md. 

Technical  Note  No.  1087,  Project  No.  TB3-1224,  October  1956  (Secret). 

7*  Burr,  Garrison.  T^  Effects  of  Radiation  on  the  Physical  Properties  of 
Plastics.  ABCD,  Decenber  1943* 

8.  Calkins,  V.  P.  Radiation  Damage  to  Non-metallic  Materials.  Atomic 
Products  Division,  General  Electric,  August  1934. 

9*  Carroll,  Bolt.  Develogaent  of  Radiation  Resistant  Oils.  AECU,  June  1938. 

10.  linsel,  Bardin,  Shaw.  The  Effects  of  Atomic  Attacks  on  the  Operational 

Capability  of  AAA  Missile  Battalions  (itaCE).  ACC,  Md.,  April  1957  (Secret). 

11*  Ethridge.  The  Effects  of  Nucley  Weapons  on  Armored  Vehicles  and 

Personnel  and  ResultingTieeigp  Ssplicatiwis.  *BiJJLlstie  Research  labora- 
iories,  Xpd,  Ml.  ^eraioal  note  ifo.  iil&,'^oJect  No.  TB3-1224, 

April  1957  (Secret). 

12.  Qaus.  Chemical  Countenaeasures  Against  Jet  Engines.  ACC  Md,  Axigust  1951 
( Secret). 

13.  Graham,  Biggerstaff .  Rsdiation  Effects  on  Selected  Components  and 
Materials.  AF8WP,  WT-li39*^^  August  1957  ( Confidential ) . 


14 


■iWl  it  .  ^  ^  JV'i 


14.  Analysis  of  MlHtetry  Abb!  tauc.  Project  MAID^  QperatlonB 

Research  Office,  The  John  Jn  >ereity,  Washington,  D,  C. 

January  1950  (Secret). 

15.  Progress  Report  No.  PRI-]^-^  jr^vTv^d  I'orces  Specisd  Weapons  Projects 

GAR-5/GAr-6,  Systems  Deve,lc:^^>,  Tab  oratories.  Busies  Aircraft  Conpany, 
California,  Contract  No.  'f231,  February  1957  (Secret). 

16.  Report  on  Effects  of  Nuclear  2  51  2E  Materials.  Weapons  Amsinent 

Laboratories  Publication  1:'/  "  ,  be  -  195T>  February  1956* 

17.  The  Vulnerability  of  Bngic\  e:  ll'  Obealcal,  Biological  and  Radio* 

logical  Warfare.  Technlcai  '’e  N’  .  l^fi-T^,  Projec^t  jio.  8-12-75-001* 

Departtnent  of  the  Amy,  Cori  'irig  laeers,  25  March  195B  (Confidential). 

Id.  Atomic  Weapons  Bsployiiient.  vrtme' t  of  the  Amo',  No.  39-1,  Jvine  195B* 

19.  Kie  Effects  of  High  Yield  .  >  j:  Ex  Xosions.  Dei»<iTt!ieni  oi7  the  ATB^y, 

No.  39-2,  May  1955.  . " 

Effects  of  Nuclear  Wea]g|U.;u  ^ie  y.i ‘^J5!sat  of  tive  i/c.  39^3 

May  1957. 

21.  Capabilities  of  Atomic  Weai^/  J*  ?  ih.  .•  .'0;'"  ^Confidential). 

22.  Small  Unit  Procedures  in  Ala’  iic,  Biological  and  TTjrt.  'ilii* 

..  ,  FM 

23*  Tactics  azkl  Technique  a  of  CHU  (v:irfare.  Department  01  the  Field  Manual 
™  3-5,  Septeidier  1954. 

Prentise,  A.  M.  Chealcals  ]-ar.  First  Bdltioo,  HcGraw  Hill  Bcxdc 
Company,  Inc.  1937*  "  ~ 


15 


